VIPomas are rare-functioning neuroendocrine tumors (NETs). Overproduction of vasointestinal peptide (VIP) leads to the VernerMorrison syndrome, whose management is challenging when refractory to somatostatin analogs. Two patients with progressive metastatic pancreatic NETs and refractory VIPoma symptoms were treated with sunitinib. This led to fast and sustained total relief of VIPoma symptoms, enabling earlier discharge from hospital and improvement in their quality of life. In both cases, sunitinib discontinuation led to the quick recurrence of watery diarrhea, which resolved within a few days after reintroducing sunitinib. The anti-secretory effect of sunitinib on VIPoma syndrome was probably not related to any anti-tumor effect. These observations agree with the rare reported cases of anti-secretory effects with targeted therapies. The sunitinibdriven inhibition of multiple-tyrosine kinase receptors might act on secretory pathways and describe sunitinib's ability to improve VIPoma symptoms. Sunitinib could be a therapeutic option to control refractory VIPoma symptoms in patients with NETs.
Introduction
VIPomas are rare-functioning neuroendocrine tumors (NETs) usually located in the pancreas. Vasointestinal peptide (VIP) overproduction leads to the VernerMorrison syndrome of high-volume watery diarrhea persisting upon fasting, often responsible for complications (hypokalemia, acidosis, dehydration) (1, 2) . The management of VIPoma symptoms is challenging. When surgical resection of all the lesions is not feasible, symptom control is mainly based on somatostatin analogs (SSA) (1) .
Sunitinib, a tyrosine-kinase inhibitor, effectively controlled the growth of pancreatic NETs, even though it did not significantly prolong progression-free survival of patients with functioning NETs in the pivotal trial (3) . Specific data on sunitinib administration in VIPoma patients are scarce. We recently treated two patients with progressive metastatic pancreatic NETs and uncontrolled VIPoma symptoms, in whom sunitinib obtained complete, fast, and sustained anti-secretory effects.
Clinical observation 1
Patient 1 (25-year-old woman with negative-MEN1 screening) had an initially non-functioning metastatic grade 2 (Ki67Z19%), moderately differentiated pancreatic NET, which had initially been treated with systemic chemotherapy, surgery of the primary tumor, and thermoablation of hepatic metastases. VIPoma symptoms Within 1 month, the patient gained weight and the plasma VIP level declined dramatically with normalization, enabling the switch to long-acting release (LAR) lanreotide (60 mg/28 days) (Fig. 1A) . After 7 months, because NETs were stable on computed-tomography images, sunitinib was discontinued because of vomiting, leading to the recurrence of watery diarrhea. Sunitinib (25 mg/day) was reintroduced, which resolved diarrhea within 2 days. The patient died 3 months later due to denutrition and sepsis.
Clinical observation 2
Patient 2 (47-year-old man with negative-MEN1 screening) had a metastatic liver recurrence 5 years after surgical resection of a well-differentiated grade 2 (Ki67Z4%) pancreatic NETs. He complained of severe VIPoma symptoms of seven daily bowel movements, despite SSA (lanreotide LAR 120 mg/28 days). Sunitinib (37.5 mg/day) achieved a rapid (3 days) and sustained clinical response, with one daily bowel movement without potassium supplementation. Biological response and disease stability were maintained with good tolerance (Fig. 1B) . Sunitinib was stopped after 4 years (physician's decision), and 1 week later high-volume diarrhea and hypokalemia (2.4 mmol/l) reoccurred, with dehydration and requiring hospitalization. Sunitinib (37.5 mg/day) was restarted, obtaining functional symptom relief in 1 day. VIPoma symptoms recurred 3 months later and the patient underwent chemoembolization with moderate clinical efficacy.
Discussion
We observed rapid, complete and sustained resolutions of VIPoma-related watery diarrhea after the introduction of sunitinib for two patients. These responses enabled SSA-dose lowering, hypokalemia and dehydration reversals, hospital discharge, weight regain, and improved quality of life. The anti-secretory effect of sunitinib on VIPoma syndrome was probably not related to any anti-tumor effect, because: i) symptom relief occurred within a few days; ii) sunitinib interruption led to rapid recurrence of watery diarrhea, which resolved after its reintroduction, even at reduced dose; and iii) sunitinib induced dramatic biological responses as assessed by decreased plasma VIP and chromogranin A levels.
Although the pivotal clinical trial on sunitinib for pancreatic NETs included functioning tumors (3), the two patients with a VIPoma were randomized in the placebo arm and no data are currently available concerning the outcomes of VIPoma patients treated by sunitinib, particularly regarding functional control. Nevertheless, the current observations agree with the rare reported cases of anti-secretory effects with targeted therapies (4, 5, 6, 7).
Sunitinib's ability to improve NETs-related hormonal syndromes, in general, and VIPomas in particular, has never been specifically explored before, and is not yet understood. An intriguing observation for the two present cases was the swift control of the secretory syndrome by sunitinib with striking concordance between drug administration and symptoms. The time course is poorly consistent with a sole anti-angiogenic effect, but opens the possibility of a direct effect on the release of VIP from secretory granules in view of the simultaneous decrease in plasma VIP and chromogranin A concentrations. Indeed, VIP is stored in the secretory granules in pancreatic VIPomas (8) . Of potential interest, in spite of rarity, is the fact that sunitinib was reported to rapidly inhibit the inappropriate hormone secretion by diverse types of VIP-producing NETs, including pancreatic VIPomas ( (7), and the present cases), paraganglioma (7), and pheochromocytomas (9), suggesting an impact of the drug on hormone release. Little is known about the www.eje-online.org regulation of VIP secretion by tumor cells, beside the fact that both cyclic adenosine monophosphate and intracellular calcium appear to be stimulatory (10) . So far, the anti-tumoral effect of sunitinib has primarily been attributed to the inhibition of angiogenesis, through the blockade of several receptor tyrosine kinases. However, direct effects on intracellular pathways have also been described in some tumor types, among which NETs. Such a multi-targeted action has been reported in pheochromocytoma PC12 cells, including a reduction in inositol 1,4,5-trisphosphate, which normally regulates hormone secretion through the increase in intracellular calcium rate (11) . Besides, one well-described anti-secretory mechanism -among others -of SSAs is the decrease in intracellular calcium rate through the inhibition of adenyl cyclase and cyclic adenosine monophosphate, and through the activation of calcium channels (12) . Hence, the interaction of sunitinib and SSAs could be synergistic for inhibiting hormonal hypersecretions in NETs in general and VIPomas in particular.
In spite of their rarity, VIP-secreting NETs may deserve special attention with respect to the potential benefit of sunitinib, alone or combined with SSAs, in order to assess whether this drug could become a first-order therapy for the Verner-Morrison syndrome, and to investigate the mechanism(s) at play in the blockade of VIP release.
For patient 1, consent could not be obtained because the patient is deceased. For patient 2, informed consent was obtained from the patient for publication of the case report.
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